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This ])aper deals with the swininiing sounds of some P)ermiKla fishes; it de¬ 
scribes these sounds and relates them to the behavior of free fishes. F. \h Shish- 
kova (1958a, 1958b) has recently published spectrograms of the sound jiroduced 
by the movement of schools of scad (Traclmriis trachiinis, Carangidae) in the 
Black Sea. Such sounds are of interest in their possible significance to the lie- 
havior of fishes at sea, and as a reflection of fish behavior. The swimming sounds 
of fishes offer a possible means of control of fish school movements. The laughter 
which Ilerubel derived (1912, p. 127) from the idea of controlling schools of 
herring is gradually fading. Sounds engendered by clujieids and the closely related 
engraulids are hitherto unreported, although a questionable account of herring 
sounds exists (Murray, 1831 ), and Alaine fishermen describe sound stemming from 
large lierring schools. 

“Swimming sound” here conveys that collection of noises created in the water 
by movements of fish bodies, which characterize the movements of a given species. 
Such sound may stem from the rubbing together of skeletal parts, from the con¬ 
traction of swimming muscles, or from water disturbed hy various body movements. 
Shishkova refers to the swimming sound of T. traclmriis as “hydrodynamic noise," 
which term she also applies to that noise caused by water flowing along a ship’s 
hull; her data do not permit determining to what extent other events than water 
flowing over fish bodies contribute to the sound she describes. Since a similar 
criticism applies to my data, the more general term “swimming sound" seems 
])referable. Swimming sound is incidental to swimming and inchules only those 
noises characteristically jirodnced during swimming of a given species. 

Listening equipment used in the investigation consisted of an AX-58-C Rochelle 
salt hydrophone and a Woods Hole Suitcase amplifier. Recordings were made 
during the summer of 1958 on a 1^T6-I>N and a PT6BA2HZ Alagnecorder tape 
recorder at 3%, 7*/{> and 15 inches/sec., and analyzed on a Kay \ ibralyzer vibration 
fre((uency analyzer. Recordings were ])layed back into the water with an Ekotape 
tape recorder Model 205, a Craftsman C550 amplifier and a QBC transducer. 
Recordings at sea were made from the motor launch A1>UDKFDIT^" of the l)er- 
muda Biological Station, Air. Bninell Spurling, Captain. 

1 Contribution No. 1126 from tlie Woods Hole Oceanographic Institution. 

2 Contribution No. 271 from the Bermuda Biological Station. 

^ The work was performed at the Bermuda Biological Station and at Bowdcjin College 
under Grant NSF-G4403 of the National Science PTundation, and through assistance of the 
Woods Hole Oceanographic Institution and of the Bowdoin College h'aculty Research hTind 
established by the Class of 1928. 
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SwiM.MiXG Sounds of Somf IU^rmuda Fishes 

. liicJwriclla chocrostonia ((loocle)—Hog-mouth fry. Tliis small engraiilid oc¬ 
curred in large and small schools on Berimula shores during tlie summer of 1958. 
The schools were most commonly seen in shallow hays along the north sliore of 
St. (leorge's and Hamilton Islands where they are said to he driven hy the com¬ 
monly observed activity of predators (chiefly carangids and lutianids) feeding on 
the schools f lU Spurling, personal communication J. Mcnidia (Atlierinidae) is 
probably similarly driven on l.ong Island shores (Hutner and Brattstrom, 1960). 
K. L. Mark (1905 ) described some Bermuda fishes as gathering schools of smaller 
fishes to lure prey for the former. 

Once established in a bay, a school may remain for several days and even for 
weeks, gradually reducing in size under peripheral predation and the depredations 
of fishermen obtaining bait for whicli the fry are highly valued. A large school 
darkens the water so that it may be seen over a considerable distance, and the 
experienced Bermuda boatman can readily distinguish between that discoloration 
caused by a fish school and that due to rock formation and weed jiatches. 

Observations on the behavior of a large school at sea, estimated to contain 
several million individuals, of A. chocrostoina were obtained mainly in Bailey’s 
Bay on August 7, 1958. The launch was repeatedly brought over the school which 
moved in and out relative to shore during recording. Recordings were obtained 
when the sea surface was calm and the only extraneous noise stemmed from the 
system and from snapping shrini]). 

No predators were seen feeding during recording: activity around the borders 
of A. cJiocrostouia schools on other occasions consisted of feeding hy jacks {Carau.v 
sp]).) and pomjiano (Trachiiioius palouicta). Small CaraJi.v lotus (2 to 6 inches) 
were frecjuently netted with A. chocrostowa and individuals were tolerated as mem¬ 
bers of small schools of the latter (up to 1000) maintained in the laboratory: the 
jacks fed on the host schools. Jcukinsia and Sardinidla (Clupeidae) were also 
taken with AncJwvicUa on occasion. 

For recording, the launch drifted o\’er the Bailey's Bay school, engine off: 
although not obviously so, the liehavior of the school was probably modified to some 
extent by the presence of the boat. During recording, the school was either lying 
at rest with individual fish turning slowly within a narrow circumference, or tlie 


Table I 

Characteristics of swiniming sounds 


Species! 

Size 
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.1 nchoviella 

3 iru'hes 

Streeiniing 

1.6 kc'. 

Below .5 kc. 

\Xirial>le 

chocrostonia 








X'eering of sc hool 

2 kc. 

Below .8 kc. 

.2-.6 sec. 

Cara fix hit us 

2 6 Iiu hes 
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1.7 kc. 

Below 1 kc. 

.05 sec. 



Indi\'idual 




Caranx ruber 

1 foot 

W'criiig of 

1.6 kc. 

Below .7 k('. 

.05 sec. 



individual 




Trachinotus 

1 foot 
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.7 kc. 

Below .25 kc. 

.06 sec. 
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Fk'.ure 1. 
Figure 2. 
Figure 3. 
Figure 4. 
7, 1958. 


Streaniing, resting and veering of Anchoviclla cliocrostouia. 

Beginning of a streaming movement of A. cliocrosfouni. 

Two veerings during streaming of A. cliocrostouia. 

Background and system noise during recording at sea in Bailey's Bay, August 
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school had assumed a single direction and the fish were streaming around and hy 
the hydrophone, or the school in the ]:)rocess of streaming suddenly veered in direc¬ 
tion with a resultant sharp increase in sound intensity. 

Sound could not be recorded from the school at rest: streaming and veering 
both produced considerable sound (Table 1). Sounds similar to these are aptly 
described by Shishkova (1958a) for T. trachurus as being like a pouring or a 
splash and like a rise and fall in system noise. The greater the degree of veering, 
the greater the intensity of its noise. The school streamed slowly and rapidly past 
the hydrophone; sound intensity fiuctuated with variations in speed of movement 
of the school. 

Suitcase amplifier and Magnecorder settings varied from 0 + 4-10 and 20-3 
db, respectively, to 0 + 14-7 and 30-3 db during recording; at all settings, some 
veerings of the school overloaded the system. 

The entire school covered a])])roximately half an acre ; during the observation 
period, the school broke occasionally into two or three smaller groups. The school 
and its subdivisions tended to disperse somewhat and gather closely again, so that 
concentration of fish varied. .\t times, the school appeared layered, a thinner 
upper stratum moving in a dilTerent direction than the lower bulk of the school. 
All recordings were done over sandy bottom while the school lay in 2 to 4 
fathoms of water ; the hydro]4ione was lowered to mid-depth of the school. \Mien 
streaming, the school moved ])ast the hydrophone leaving a circular area clear of 
fish, extending about 6 inches from the casing. Whh a casing of different color, 
this interval might be expected to vary (Breder, 1951). 

\\4ien the school was at rest, it could be stimulated to move l)y the slightest 
flexing and stiffening of the observer’s knees aboard the 21-foot launch when 
visual clues were excluded. The casting of a shadow over the school by hand and 
body movements did not cause this l)ehavior. If the school were at rest when 
pressure was applied to the deck of the Ijoat by the knee-l)end method, it would 
begin to stream; if it were streaming, it would veer and usually alter the s])eed of 
swimming to some extent. 

The lower portion (up to 1.5 kc.) of a frequency analysis of sounds stemming 
from a typical secjuence of movements of the .IncJiovicUa school is shown in Fig¬ 
ure 1. During the 6 seconds of recording illustrated, the school came nearly to 
rest, began mo\ing again at 2 seconds, veered a few times between 2 and 5 seconds, 
then (juieted again. Abbreviated vertical streaks in the background are due to 
snapping shrim]:); some system noise is indicated below .25 kc. 

A similar sequence of events is shown in Figure 2 over a l)roader frequency 
scale (5 kc.) and briefer time interval (1.7 seconds). Here the beginning of a 
streaming movement is shown, again with a few snapping shrimp spectra in the 
l)ackground. Figure 3 shows the spectra of two veerings of the school during a 
streaming movement. In each of these records, there has been sufficient attenua- 

Fk.i're 5. Sections through spectrum of recording of A. chocrostoitia school while at rest 
and while streaming. 

Figure 6. Veering of Caraux latiis school. 

Figi're 7. Feeding and swimming sounds of Coranx laius. 

Fi(;ure 8. \^eering of Caranx nthcr. 

FuiURE 9. \’eering of Trachinotus palonicta. 
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tioii to l)ring the schooliiii;' movements clearly into the foregronnd. In Figure 4, 
the ambient underwater sound of the area (mainly snapi)ing shrimp) and system 
noise is shown after the . IncJioviella school had moved inshore from the launch 
on one occasion. 

Fhgtire 5 shows sound intensity spectra (sections) during a recording made 
from the school at rest and after it had begun to stream. The first section was 
taken at .6 second of the time scale (school at rest), and the other at 1.3 seconds 
(school streaming). These sections provide a qualitative indication of the amount 
of sound stemming from a streaming movement at various frecjuencies at a ]ioint 
in time. Swimming sound of another /incJwvicUa school of consideraldy smaller 
dimensions could not he separated from background noise, due mainly to wave 
action during a moderate sea state with the equipment employed. In suniinary, 
AncliovicUa swimming sound lies mainly below 2 kc. (Table I). \Tering of the 
school introduces sharp intensity increases of between .2 and .6 second duration. 

Attempts failed to record the swimming sound of .inchovicUa in the laboratory 
from groups of 500 to 1000 individuals: the sound did not rise above extraneous 
noise. These exj)eriments were |)erformcd in a cement tank, the fish being con¬ 
fined by a wood and plastic screen to an area 8 feet X 2 feet X 1 foot dee]). The 
AX-58-C hydrophone was j)laced across the tank and fish driven around it. This 
pajier ])resents evidence that the swimming activity of even small groups of Ancho- 
viclla is ])robahly important in maintaining the coherence of the school: the swim¬ 
ming sound of a large school is one com])onent of this activity. 

A school of blue-fry (Athcvlna Jiarriugtoncnsis, Atherinidae) passing slowly 
under the launch on August 7 near P)ay Island in Ikiiley's Bay did not respond to 
the knee-bend method successful in stimulating streaming and veering in ^ hichovi- 
cllo. The blue-fry school was in the form of a compact ball of perhaps 1000 fish, 
each turning in its own particular j)athway within the school as the latter ])assed 
beneath the boat. No swimming sound could lie detected. 

Cannix latiis Agassiz and C. riibcr (Bloch)—Yellow Jack and Skip Jack. 
These carangids, common in Bermuda, feed voraciously on .IncJwvicUa as well as 
on other fishes. The C. lotus, from 2 to 6 inches in length, were ca])tured in small 
numbers with A}iclwviclla and separately off the dock of the B)ermuda Biological 
Station. Oljservations are based mainly on acjuarium ex])eriments. Two large 
impounded schools of adult Caranx ruber were recorded on the west side of Coney 
Island on [une 26 and August 6, 1958, through the kindness of a commercial 
fisherman (Air. Spurling, Senior), and a third school was recorded during under¬ 
water listening in Castle Roads on July 11. 

Since pharyngeal tooth stridulation may accom|)any the swimming sound of 
Caranx spp., this habit bears comment. IMiaryngeal tooth stridulation of Caranx 
hippos has been described (Burkenroad, 1931 : Fish, 1948; Aloulton, 1958), and 
Fish (1948, 1954) describes the stridulating sounds of a number of other 
carangids. The pharyngeal tooth stridulation is })roduced more readily Iw young 
jacks hand-held gently under water (C. lotus, C. hippos) than by adult jacks so 
treated ( Aloulton, 1958, ]). 364) : it was recorded at Bermuda from adult C. ruber 
held next to the hydro])rone in an impounded school, and bv C. crysos s])eared 
off* Nonsuch Island on August 17. 

Several attempts failed to elicit pharyngeal tooth stridulation from adult ])om- 
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pano {Trachinotus paloincta, Caraiigidae) and Calamus hajanado (l)lne-l)one porgy, 
Sparidae), both of which are ecpiipped with forniidahle pharyngeal teetli. Adnlt 
grunts (Hacmiilon sciurus, J^oinadasyidae) of some species, on the other hand, 
stridnlate readily when similarly treated. 

The present account deals mainly with the thumping sound produced hy veering 
of Caranx spp., hut pharyngeal tooth stridulation is also produced at times during 
this maneuver. 

Several small groups (from 12 to 20) of young C. latus were confined in 
aquaria feet X P4 feet X 1 foot deep with the hydrophone. Undisturhed, 
these tlsh milled about the aquarium equidistant from each other, each on its own 
pathway. Wdien a hand was flicked at the acjuarium or a stick poked into the 
water, the small group of jacks became at once a tightly coherent school, streaming 
about the acjuarium and veering on rejx'titive stimuli as had the Anchoviclla at sea. 
Streaming did not introduce sound detectable above background; veering did. 
This movement even of individual fish resulted in distinct thumps similar to those 
described by Fish (1954) from shocked C. crysos (7.75 mm.?). Wdien stemming 
from a group of C. lafus, the thumps occurred in volleys (Fig. 6, Table I). 

During feeding on bits of meat, tbe C. lafus dispersed through the acjuarium. 
The thumjis then became scattered as individuals darted for food, and were accom- 
j3anied by occasional sounds of tbe stridulation of teetb (Fig. 7). 

During the Coney Island recordings, the hydrophone was hung in the midst 
of schools of C. ruber before and during raising of the net. Wiring of the hsh 
about the hydrojihone caused volleys of thumji-like sounds similar to those of C. 
lafus, but somewhat cleej^er in predominant tone (Fig. 8, Table 1). Swimming 
sound engendered by streaming movements was also detected in these recordings 
and that obtained at Castle Roads. 

Trachinofus palomefa Regan—Gaff-topsail Pompano. The swimming sound of 
two j)omj)ano aj)proximately 1 foot long was recorded in the cement tank. The 
animals were not fed during recording. Only thumps coincident with veering 
occasioned by sudden hand movements in the water were recorded. Sound sjiec- 
trograms of two flurries of activity are illustrated (Fig. 9, Table I). 

Diplodus anjenfeus (C. and V.)—Dream. Attempts failed to record a swim¬ 
ming sound from 6 of these fish (Sjjaridae) aj)j)roximately (S inches long in a 
Station acjuarium. The only sound detected was made by the fish bumj)ing against 
the sides and bottom of the tank as a probe was moved gently about the acjuarium. 
These sounds are not clear and sharp like carangid thumps ; they are variable and 
random and are not clearly correlated with clescribable behavioral phenomena. 

\^arions sj)ear fishermen at Bermuda during 1958, including reliable observers 
from the Station, reported hearing sounds underwater produced during evasive 
swimming of grouper (Serranidae) and parrotfish (Scariclae), “any large fish,’' 
and hogfish {Lachnolaimus maximus, Labridae), as well as grunts of the hamlet 
or NavSsau grouper (Epineplialus sfriafus) and volleys of sqnirrelfish {Holoccufrus 
ascensionis) sound (Alonlton, 1958). 

The Playback of Underwater Sound to Fish Schools 

The j)layback of underwater sound has been useful in modifying fish behavior 
(Moulton, 1956a, 1956h; Tavolga, 1956, 1958). The habit of Caraux of feeding 
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on A)icJi 02 'icUa led to playiiit;' l)ack to the AnchovicUa school recorded on August 
7 recordings of the stridulation sound of C. hiiiis and of the swimming sound which 
accompanies its feeding. The transducer was lowered to mid-school level. The 
AnchovicUa cleared the area beneath the launch more quickly during this play¬ 
back than during recording. Further, during sound playback, the school showed 
a greater tendency to divide than during recording. 

A collateral observation is of interest: A hen playback began of the stridulation 
sound at sea, an adult barracuda {Sphyracna barracuda, Sphyraenidae) came 
abruptly to a spot about 8 feet from tbe suspended transducer and lav quietly facing 
it for about three minutes. This behavior was unique to all observers, including 
Spurling, an experienced Bermuda hsherman and boat ca])tain. (Mr. Spur- 
ling's comment: “I’ve never seen a barracuda act like that before.”) 

Stridnlating sounds and thumps of young C. latus played back to alx)ut 500 
AnchovicUa in the Station cement tank were accompanied by quickened swimming 
and milling which gradually sul)sided. Approximately one-fourth of the fry moved 
to the opposite end of the tank over and under a horizontally sus])ended hydro])hone 
which they did not pass spontaneously l)efore sound transmission, and during 
Iiand movements in the tank. 

Playback to the impounded school of C. ruber recorded at Coney Island on 
.August 6, as it milled within the net, of a series of ])haryngeal tooth stridulations 
of C. hitits recorded in Station aquaria, initially was accompanied by an immediate 
movement of the school to the far end of the net. After some minutes of playback, 
the school failed to respond to these sounds and to feeding sounds. These sounds 
were listened to by surface divers and sounded like the amplified sounds heard 
during recording. 

After the swimming sound of the large school of AnchovicUa had been recorded 
at sea on August 7, the recording was played back into an acjuarium containing 
young C. latus. The latter showed quickened swimming movements of a non- 
directional type. It has already been mentioned that small C. latus may join 
AnchovicUa schools, feeding on the members of the school; they may be attracted 
to the school by its swimming sound. 

Pharyngeal tooth rasps ])layed back to the source species (C. latus ) in a Sta¬ 
tion aquarium on August 1 apjieared to initiate feeding reaction. The fish became 
exceedingly active, swimming about furiously, and facing the transducer to nibble 
at its rubber surface. After several minutes tbe activity sulisided and the fish 
swam about as usual. 

SwniMixo Movements and Schooling Behavior 
OF Caranx and Anchovtella 

The normal behavior oj schooling fishes. Carajix, Trachinotiis, and . inchovi- 
clla are truly schooling fishes, and whether at sea or in acpiaria, groups of these 
fishes form cohesive schools. Their behavior bears examination as it relates to 
factors maintaining the school at sea. 

When adult pompano attacked AnchovicUa schools at sea, the former were in 
compact school formation, and usually swam directly through the school of fry; 
feeding of Caranx crysos at the periphery of a school was characterized by irregu¬ 
lar darting movements and swift swimming of individual jacks. 
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At rest ill cUjuaria and at sea, the Auclioviclla school is clearly outlined, althoiyi^h 
individuals take independent jiathways within the school in daytime as at night. 
When the school is streaming, and when a scliooling fish {Mcnldla incnidia) of 
the Woods Hole area is subjected to a tidal current in a live car, tliese fishes line 
up parallel to each other and veer together upon appropriate stimulus. 

The importance of water currents in mediating behavior of fishes is further 
underlined by the behavior of small amberjack (2-inch Scriola sp., Carangidae) 
lurking under sargassum weed clumps southeast of Dermuda on August 18. The 
fish abandoned each clump as the GS-foot Pcuiiilints drifted down upon it, and 
swam directly to another clump, often some yards away but always along the same 
line of weed and thus within the same convergent zone (Woodcock, 1944, 1950). 
Due to a combination of factors, significantly wind and Coriolis force, sargassum 
weed in the o]jen sea tends to arrange itself in parallel rows, the rows ])eing spaced 
at quite regular intervals under a given set of conditions, and parallel to wind 
direction (ATodcock, 1944, 1950). Water currents, probaldy even micro-currents, 
are of great importance in the open sea in determining the distril)ution of fishes 
(see Hasler, 1956) ; persistent sensory orientation to a particular current or moving 
body of water may be of considerable im])ortance in maintaining not only the 
position but also the cohesiveness of fish schools, ])articularly through hours of 
darkness (Moulton, 1957a). 

^Members of a single school vary in their behavior. Schools of 500 to 1000 
. hicJwviclla in the cement tank tended to divide at rest into two or three smaller 
groups; one grou]) was usually markedly larger than the other(s). These groups, 
treated alike from capture, differed in sensitivity to stimuli; some were easily 
frightened, others held their position in the face of a variety of stimuli [c.g., a 
prodding stick or hand). 

In a study of variation in reactions to stimuli, a ])lastic screen confined a single 
school of about 1000 /iuchoviclla to an 8-foot section of the cement tank during 
attempts to record swimming sound. The hydrophone was placed across the tank, 

feet from the end containing the fish. During transmission of jack stridulation 
recordings in the area containing the fish, approximately one-fourth of the school 
moved past the hydroidione. Pushing down on a small board floating over the 
school (in simulation of the knee-bend method) caused approximately one-half 
the. remaining fish to pass the hydrophone. Then a hand was waved vigorously 
in the water with the balance of the school; a recalcitrant two dozen fish still 
remained in the smaller portion of the tank, gathered in a cohesive school. 

Young Caranx latiis tend to school with .incJiovlcUa; in an aquarium, a school 
of 12 of the former formed a tight formation immediately above the back of a 
10-inch squirrelfish {Ilolocoitriis asccnsionis, 1 lolocentridae). They turned with 
the squirrelfish as it moved slowly about the tank; the latter made no move toward 
the jacks. iVnother group of 20 C. latiis was confined for several hours in an 
aciuarium with an adult spiny lol)Ster {Pannlirns argits). So long as they were 
contained together, night and day, the C. latus remained at the to]) of the tank 
in a tight school. The spiny lobster was removed one night under artificial light, 
and at once the 20 jacks dispersed over the bottom of the acpiarium and assumed 
a striking stri|)ed pattern com])letely unlike their usual drab coloration. 

Pixpcriwcnts on blinded fish. In order to examine factors other than vision 
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mediating' tlie schooling of hsh, adult . lncJw7’icUa were blinded by bilateral eye 
removal under anaesthesia ( A1S222 1 :3000, Sandoz Ubarmaceuticals) and allowed 
to recover, or became blinded tbroiigb eye loss in a syndrome developing within 
hours of capture in a school held in the cement tank. On successive trials, a blind 
individual was placed in an aquarium with 12 normal individuals. Wdien the 
latter were at rest, individuals milling slowly about, the blinded individuals swam 
through the group and about the aquarium generally until reaching the side of the 
tank, then took up new headings; they did not orient to the normal fish. 

If the normal fish were startled by a band movement next to the aquarium, 
they streamed and veered as did large schools at sea; at such times, the blinded 
individual immediately joined the normal fish in school formation and behaved as 
did the latter. Similarly, in the cement tank, blinded AnchovicUa moved with the 
larger group of normal fish during streaming movements. When the normal fish 
came to rest again, blinded individuals returned to random movements, while even 
at rest the normal fish maintained approximately equal intervals l)etween indi¬ 
viduals. Isolated blinded tisb did not respond to band movements adjacent to 
the a(iuanum. 

Unilaterally blinded . IncJunnclla maintained ])Osition with the normal fish when 
the latter were within the field of vision. This latter observation is in agreement 
with observations olitained on Menidia behavior at Woods Hole in 1957, where 
the experiments were performed in a live car suspended from a raft in (Ueat 
Harbor; bilaterally blinded fish swam directly through groups of normal fish at rest 
and oriented inde])endently of normal fish in currents flowing through the live 
car, while unilaterally blinded specimens maintained position with schools located 
at least in part on the side of the unoperated eye (Moulton, 1957a). 

Wdiile movements of the individual members of the fish school are important 
in maintaining the remarkable integrity of the school, the members of the school 
are probably sensitive to pressure waves created by the school and probably orient 
to these waves; the movements of the school as a whole are probably important 
in maintaining its own integration. 

AnchovicUa did not dis])erse through the cement tank after dark as Jenkinsia 
(Ilreder, 1951) and chub mackerel—.SVon?/?cr colias. Scomhridae ( Shlaifer, 1942) 
—do in a(|iiaria. Schools of 500 to 1000 were in tight formation in the center of 
the cement tank in resting behavior during several examination j^eriods on dark 
nights when an electric light was turned on, and behavior did not change notably 
with the light; the basement-located tank was too dark on moonless nights for me 
to see the fish in it. 

C. latiis in small numbers confined alone in darkness for several hours did not 
noticeably change their distrilnition when a light was turned on. Neither C. latns 
nor .IncJioviclla seems to depend so markedly on light for schooling formation as 
apparently do Jenkinsia and Scomber. 

A GiIxVNA Fishery Depending on Swimaiing Sound 

A. P. Frown, in an anthropological account of the fishing industry of the Labadi 
District of the Gold Coast (Irvine, 1947, ]). 25), mentioned the three-pronged 
paddles found in the sea-going canoes of the Coast, without indication as to their 
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use. Inquiry was made subsequent to a United Nations news release suggesting 
an application to the fisheries. 

The paddle, for ])Ossessiou of one of which 1 am indebted to Mr. D. A. Ham¬ 
mond of the Fisheries Department, Accra, is in tyiiical form 4 feet 9 inches in 
length with a handle 1% inches in diameter. The foot-long flattened blade termi¬ 
nates in three broad, blunt teetb, comprising inches of the blade length, each 
approximately 2 inches in width at the base, the center one tapering slightly more 
than the other two. iMr. Hammond describes the use of this paddle as follows: 

“The use of the paddle as (a) hearing aid in fishing is well-known to our 
fishermen from Ada to Takoradi. It is [larticnlarly used by the herring fishermen. 
‘Herring’ here refers to Sardiiiella aiirita and N. cauicrooncnsis. It is also used, 
however, to detect shoals of shad (EfJnnalosa dorsalis), long-finned herring (llislia 
uiidauofa) and cassava fish (Cy)wsciou soicqalla). (Identifications from Irvine, 
1947). 

‘AMiere there are no surface fish visible, the method is to place the broad part 
of the paddle in the water over the stern of the canoe, place the ear to the top of 
the handle, and rotate the jiaddle very slowly. Only skillful and experienced 
fishermen are ajipointed to do it. The face of the paddle acts as a sounding board 
and receives the vibrations which it transmits to the hearer. By rotating the 
jiaddle, the fisherman is able to get the direction of movement of the fish and from 
the intensity of the sound, he can judge how (distant) the fish (are). Those fish 
which move in large shoals—for exanijile, herring or shad, as well as the large 
rocks in the sea, make distinct sounds. From the sound, the fisherman can tell 
whether it is a fish or rock. The sound of the herring is characteristic and never 
mistaken. This method is particularly successful in waters of 7 to 10 fathoms 
and between II P.M. and 3 A.AI. Those paddles which are particularly good are 
treasured. Some of them are very old.” A variety of the Ghana-ty])e paddle 
is said to be used for a similar purjiose in laberia (Mr. Whlliam Watkins, |)ersonal 
communication). 

Underwater listening occurs in various parts of the world as an important aspect 
of commercial fisheries (Cousteau, 1953; Kesteven, 1949; Marshall, 1954; Parry, 
1954; MTstenberg, 1953). It is likely that in the fishery described by ^Ir. Ham¬ 
mond. the swimming sound of the cliqieids (sciaenids may produce other sounds) 
is conveyed by the three-pronged paddle to the fisherman’s ear. 

Discussion 

The schooling behavior of teleosts proliahly depends jirimarily on vision in 
the daytime (Shlaifer, 1942; Breder, 1951). Yet schools of AncUovicUaj Clnpca 
havcngiis and other schooling fishes maintain their schools at sea through hours 
of darkness; herring fishermen dej^end on this fact in “lighting up” herring schools 
at night (Moulton and Backus, 1955). Mdiile it may be that light stemming from 
luminescent organisms and that of moon and stars on clear nights may afford suf¬ 
ficient stimulus to abet schooling at night, some conditions of darkness at sea 
undoubtedly jireclude vision and require other stimuli as predominant in providing 
for maintenance of the fish school at night. Certainly other factors than vision 
enable blinded fish {AnchovicUa, Mcnidia) to move witli their respective schools. 
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I'lie ]K).ssil)le role of water currents in maintaining fisli schools at sea has been 
brietiy discussed. 

Significant factors in low frecjuency sensitivity of teleosts are the lateral line 
and isolated cutaneous receptors (von Erisch, 1938; Ciriffin, 1950; Lowenstein, 
1957). Tracy (1920a, E)20b) and others have suggested that the connection 
between air bladder and inner car of clupeids (engraulids possess a similar con¬ 
nection—l>erg, 1947 ) may he more important as a pressure ccmtrol device related 
to gas ])hysiology of the air bladder than to hearing facility. Wdiile it is not 
unlikely that the jiaired passages may serve in both capacities, the remarkable 
sensitivity of AnchovicUa, as well as of some clupeids (?^loiilton and Backus, 1955; 
Moulton, 1956a), to ])ressure waves in the water is suggestive of special adaptations 
to reception of pressure changes. 

.UichovicUa are sensitive to ver}' slight pressure waves in the water; the swim¬ 
ming sounds described fall within the frequenc}' range of sensitivity of all fishes 
studied in this connection. It is now sinqily conjectural, although some sujqiorting 
evidence has been presented, to suggest that the swimming sounds of various 
carangids and of AncJiovicUa furnish a mechanism in addition to water currents 
and visual sensitivity by which schools of fish at sea are maintained under a variety 
of circumstances. Either these sounds or the body movements from which they 
stem must be a primary factor. 

The swimming sounds described are to a degree siiecies-specific. Shlaifer 
(1942) observed that chub mackerel, pairs of which will school together, will not 
school with almormally moving fish of the same s])ecies. Normal Mcnidia and 
AiichovicUa do not arrange themselves In schooling formation with blinded indi¬ 
viduals ; the latter will school with the former. It is suggested that the fish school 
at sea is maintained b\- a number of factors, gi\Aai the jiroper amounts of food and 
minimum predation : sensitivity to jiarticular water currents and masses, vision, 
and the behavior of the school as a whole which acts an an acoustical core and as 
a wave pressure source to which individuals of the schooling species orient. It is 
suggested that the swimming sound is not sinq)!}' a mechanical or accidental sound, 
hut that it possesses biological significance. It is demonstrated that source species 
and other species may react to anqilified swimming sound. 

Another factor influencing the maintenance of the hsh school Is reflected in dif¬ 
ferential sensitivity of AnclwvicUa to increasingly dispersive stimuli. After a series 
of such stimuli, a core of recalcitrant individuals remains in the test area in an 
experimental tank, and may furnish the nucleus around which more sensitive 
members of the school fluctuate at sea; streaming and veering may orient around 
a group of relatively insensitive individuals forming an “anchor’' to the school. 

It is clear that the swimming sound of different species of schooling fishes 
(AjicIwvicUa, Canuix, TracJiinotns) varies in its characteristics with species as well 
as with size of the fishes concerned. Large schools of fishes as small as AncJiovi- 
clla (about 3 inches) and as large as Caranx nihcr (about 1 foot) introduce con¬ 
siderable sound into the water. This may in future be utilized in experiments on 
schooling fishes in waters less clear than those studied, to test influence of various 
stimuli (jii schooling Ashes and to explore sensitivity to these stimuli. Although 
Shishkova (1958a) abandoned the hope of stemming acoustically the flow of an¬ 
chovies from the Russian Sea of Azov into the Black Sea, and of masking shi]) 
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noise witli swimming sound, otiier ]30ssible uses of swimming sound exist; a like¬ 
lihood is present that fishermen can control acoustically to some extent the move¬ 
ments of cltipeid and engraulid schools. 

The characteristics of these sounds are more like those of sounds produced 
tinder circumstances related to defensive behavior of tishes than of sounds produced 
under other circumstances (Alotilton, 19571)). The sound attendant on veering 
may have some protective value. If this were true, large schools of herring and 
anchovies would be more resistant to ])redation by other hshes than would small 
schools. The joining of /IncJiovicJJa schools hy young C. latiis may be ])rimarily 
protective for the latter; their feeding on the host school would simply indicate 
poor ‘‘guestmanship.'’ 

The swimming sounds described, as well as sound stemming from the move¬ 
ment of any large hsh in the sea, are probalily due to a number of factors; hydro¬ 
dynamic noise, to which Shishkova relates all of the sound, skeletal movements, and 
contraction of axial musculature during strong swimming movements against a 
gas-tilled, resonating air bladder. None of the sounds described are continuous 
even during steady streaming movements, indicating that they stem from the bodies 
of individual fishes during muscle contraction, rather than from the hydrod}'namic 
effects of continuous water flow around fish bodies. 

All of the swimming sounds studied lie below 2 kc., and thus are of lower 
frequencies than many sounds created by fishes by organs ajjparently sjiecialized for 
sound production (Moulton, 1958). These results differ from those of Shishkova 
(1958b) who found components of 7\ true hunts swimming sound at 16 kc. (It 
seems likely that her fish were chewing or stridulating during recording.) The 
frequency span of greatest intensity of swimming sound, as indicated by darkening 
of vibragrams, is lower for large fish than for small (Table T). 

After submission of the manuscript of this paper for publication, the author’s 
attention was called to a recent extensive study of social groiqiings in fishes by 
Breder (1959). Of sjiecial pertinence to the ]3resent work is Iffeder’s caution that 
the responses of members of a fish school to light and darkness will vary with indi¬ 
viduals, and that light exposure which fish have received earlier will be of great 
importance. 

The author is grateful to Dr. Richard 11. Backus for constructive criticism of 
the manuscript of this ])aper. 


Summary 

1. The swimming sounds of four schooling species of Bermuda fishes are 
described. The sounds stem from streaming and veering of schools at sea. 

2. Res|)onses of schooling species to playback of sounds stemming from schools 
are described. Ifxploitation of these res])onses in exjierimental and commercial 
fishing is suggested. 

v3. On the basis of observation at sea and of laboratory exjieriments, mecha¬ 
nisms useful in maintaining formation of schools at sea are discussed. These include 
vision, water currents and pressure waves initiated liy the movements of fish bodies 
and the sounds they engender. 
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4. An African acoustical fishery, jirobably relying on the swiinniing sounds 
of fishes, is described. 
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